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Abstract Aim of the experiment was to study whether
cognitive load aVects postural control more in low (Lows)
than in highly hypnotizable (Highs) subjects due to the lat-
ter’s greater attentional abilities. Standing Highs and Lows
underwent an experimental session (closed eyes) consisting
of a basal condition and of mental computation in an easy
(stable support) and a diYcult (unstable support) postural
condition. Variability [standard deviation (SD)] and com-
plexity [sample entropy (SampEn)] of the movement of the
centre of pressure (CoP), its mean velocity (Velocity), the
area swept by the CoP (Area) and the ratio between the CoP
trajectory length and area [length for surface (LFS)] were
measured. Few hypnotizability-related diVerences were
detected (reduction in the Highs’ SD and increases in the
Lows’ LFS in the diYcult postural condition). Thus, the
hypnotizability-related postural diVerences observed in pre-
vious studies during sensory alteration could not be
accounted mainly by attentional abilities.
Keywords Hypnotizability · Attention · Cognitive load · 
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Introduction
Hypnotizability is a cognitive trait measured by scales
(Woody et al. 2005) and responsible for the ability to
accept hypnotic suggestions and behave accordingly
(Green et al. 2005). It depends on the interaction between
the left dorsolateral prefrontal cortex and the anterior
cingulus and is associated with peculiar cognitive charac-
teristics including mainly high “absorption” in mental
images (Tellegen and Atkinson 1974) and focussed atten-
tion abilities (Jamieson and Sheehan 2002; Spiegel 2003;
Raz 2005). Furthermore, highly hypnotizable individuals
show higher scores in the scales of creativity and vividness
of visual imagery, greater ability at random numbers
generation, larger auditory cortical evoked potentials (see
Gruzelier 2006), higher vividness and lower eVort for tac-
tile guided imagery (Carli et al. 2007a, b, 2008), higher
speed of visual information processing (Friedman et al.
1986), lower signal detection thresholds (Farthing et al.
1982), longer afterimage persistence (Atkinson and
Crawford 1992) and higher arousal in spatial attention tasks
(Castellani et al. 2007).
Hypnotizability also modulates sensorimotor integra-
tion, even in the absence of any hypnotic induction and
speciWc suggestion (Carli et al. 2008; Santarcangelo et al.
2008a, b). In particular, during the suppression of visual input
and/or alteration of leg proprioceptive information, Highs
and Lows experienced the same body sway, although Highs
exhibited larger and faster CoP movements (Santarcangelo
et al. 2008b), which indicates a diVerent perception of the
movement in Highs and Lows. The stabilogram diVusion
analysis (Collins and De Luca 1993) suggested that Highs
might rely on a pre-eminent feed-forward control enabling
their CoP to assume a wider range of positions before the
occurrence of sensory-driven corrections. This indicates a
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back sensory information with respect to Lows (Santarcangelo
et al. 2008b) and is consistent with the absence of changes
in the CoP area and mean velocity previously observed in
Highs during alteration of the neck proprioceptive input
(Santarcangelo et al. 2008a). On the basis of the diVerent
relation between real movement and subjective perception
of it in Highs and Lows, it can be proposed that Highs per-
ceive a wider range of CoP positions as stable ones with
respect to Lows, in spite of larger and faster CoP move-
ments, since in both groups the subjective experience of
sway is the result of the comparison between the real move-
ment and the reference system (Santarcangelo et al. 2008a).
Yet, hypnotizability-related diVerences in postural control
may depend either on the characteristics of the postural
control system or on attentional capacities. A role for the
latter could be ruled out only if cognitive load does not
aVect the Highs’ and Lows’ postural control diVerently.
Postural control is modulated by concomitant mental
activities (Balasubramaniam and Wing 2002; Woollacott
and Shumway-Cook 2002; Vuillerme and Vincent 2006;
Fraizer and Mitra, 2008) and is impaired in patients with
lowered cognitive capacities (Manckoundia et al. 2006).
A stiVening strategy (decreased CoP excursion, increased
frequency of body sway) is often observed during mental
activities (Vuillerme and Vincent 2006; Raymakers et al.
2005). However, the postural eVects of concurrent cogni-
tive activity depend on the characteristics of cognitive
tasks (such as spatial or non-spatial) and on their diY-
culty (Fraizer and Mitra 2008). For instance, an easy cog-
nitive task that shifts the focus of attention away from
posture control decreases the CoP excursions likely by
triggering a more automatic control, whereas highly
demanding cognitive activities increase them (Olivier
et al. 2007; Huxhold et al. 2006) due to the consumption
of attentional resources unconsciously engaged in pos-
tural control.
Standard deviation and entropy of the CoP positions
time series indicate the degree of irregularity of the CoP
movement, respectively, in space (variability) and time
(complexity). They are modulated independently of each
other (Hong et al. 2007) and of changes in the oscillation
amplitude (Kim et al. 2008). Absorption in cognitive
tasks has been associated with greater irregularity
(entropy) and smaller variability (standard deviation) of
the CoP movement (Donker et al. 2007; Cavanaugh et al.
2007). The aim of the study was to investigate whether
cognitive load diVerently aVects the characteristics of the
CoP movement (variability and complexity) and stabilo-
metric variables (area and mean velocity of CoP move-
ment, ratio between length and area of its trajectory) in
Highs and Lows, due to possible attentional diVerences
between the two groups.
Methods
All the participants signed an informed consent following
the criteria of the Declaration of Helsinki and approved by
the local Ethics Committee. A total of 185 students from
the University of Pisa were screened for hypnotic suscepti-
bility using the Italian version (De Pascalis et al. 2000) of
the Stanford Hypnotic Susceptibility Scale, Form C. After
orthopaedic and neurological evaluation at the S. Chiara
Hospital (Pisa), 22 healthy subjects were recruited and
divided in 2 groups: 11 Highs (SHSS score, mean § SE,
10.6 § 0.7, age 23.18 § 2.44 years, 6 females) and 11
Lows (SHSS score, 1.4 § 0.4, age 22.90 § 1.87 years, 7
females). The percentage of highly susceptible subjects
(Highs) found among participants (11 out of 185) is consis-
tent with the commonly observed hypnotizability distribu-
tion (Balthazard and Woody 1989; De Pascalis et al. 2000;
Carvalho et al. 2008). Height [mean § SE (cm); Highs,
169.73 § 2.84; Lows, 170.56 § 1.25], weight [mean § SE
(kg); Highs, 63.91 § 2.45; Lows, 65.67 § 2.37] and foot
size [shoe size, mean § SE (a.u.); Highs, 40.64 § 1.02;
Lows, 40.89 § 0.67] were similar in Highs and Lows.
The experimental procedure consisted of a single session
including an easy (stable support, feet on a bare platform
surface) and a diYcult postural condition (unstable support
due to interposition of an 8-cm thick foam between feet and
platform). During each support condition, subjects stood
barefoot on the stabilometric platform (NI-DAG 6.9.3,
DUNE) with heels 2 cm apart and feet forming an angle of
about 35°. Before starting data acquisition, all subjects
scored their sway 1 (range, min 1–max 10) while standing
on the stable support and keeping their eyes Wxed on a point
120 cm away from them, at eye level, for 30 s in order to
stabilize posture. Then, they were invited to close their eyes
(B, basal conditions, 1-min duration) and, Wnally, while
keeping their eyes closed, to perform a mental computation
(MC) including serial subtraction and multiplication (MC,
1 min duration). Support conditions were randomized
among subjects and separated by 1 min of rest in sitting
position. B and MC were not randomized in order to avoid
outlasting eVects of computation. After each condition,
subjects were interviewed about their perception of sway
with respect to their initial evaluation (open eyes) and about
the eVort required by mental computation (score range, min
1–max 10).
The stabilometric platform software provided the area of
the ellipse including 95% of the CoP positions (Area), the
CoP mean velocity (Velocity) and the ratio between the
length of the CoP trajectory and area [length for surface
(LFS)]. The latter might be indicative of changes in postural
strategies; in fact, be the same area swept in diVerent condi-
tions, larger LFS values indicate a longer CoP trajectory and,
thus, a greater number of shorter oscillations (Santarcangelo123
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was concomitantly acquired by a Labview system (sample
rate, 100 Hz) and digitized signals were stored for subse-
quent analysis aimed at evaluating, in the frontal and sagittal
plane, the CoP position standard deviation (SD), an index
of the displacement of the CoP around its mean value, and
Sample Entropy (SampEn), an estimate of the conditional
probability that two sequences that match for m points
will match also for m + 1 points (therefore, a lower value
of SampEn indicates higher regularity in the time series).
SD and SampEn were obtained by software available at:
http://www.physionet.org/physiotools/sampen/.
Raw data are provided as Supplementary Electronic
Material. Scores of the perceived sway and of the computa-
tion eVort, SD, SampEn, CoP Area, Velocity and LFS were
analysed through separate repeated measures ANOVAs
according to the following experimental design: 2 Groups
(Highs, Lows) £ 2 Support conditions (easy, diYcult) £ 2
Tasks (B, MC). Post hoc analysis was performed through
paired or unpaired t test, when appropriate. Level of signiW-
cance was set at P < 0.05.
Results
Mental computation induced signiWcant diVerences
between Highs and Lows only in SD and LFS in the diY-
cult postural condition.
Interview
No hypnotizability eVect and interaction with task and sup-
port condition was observed in sway perception. Both
groups reported a signiWcantly larger sway during B than
during MC [F(1,20) = 33.771, P < 0.0001] and in the diY-
cult than in the easy [F(1,20) = 8.887, P < 0.007] condition
(mean § SD; Highs: easy: B, 4.82 § 1.76; MC 3.23 §
2.40; diYcult: B, 6.68 § 2.27; MC 5.23 § 2.83; Lows,
easy: B, 3.59 § 2.30; MC 3.27 § 2.97; diYcult: B, 6.50 §
1.75; MC 5.32 § 2.03).
The mental computation eVort, experienced as a moder-
ate one, was similar in Highs and Lows as well as in the easy
(Highs, 5.50 § 1.75; Lows, 5.77 § 2.30) and in the diYcult
(Highs, 5.41 § 2.06; Lows, 5.09 § 2.26) postural condition.
CoP movement (stabilograms from a highly and a low
hypnotizable subject are shown in Fig. 1).
Standard deviation
In the frontal plane (Table 1), the standard deviation (SD)
decreased signiWcantly during MC (Task eVect, F(1,20) =
11.909, P < 0.003) and increased signiWcantly in the diY-
cult condition (Support eVect, F(1,20) = 42.909, P < 0.0001).
No group eVect and interaction were found. Also in the
sagittal plane (Table 1) SD increased signiWcantly in the
diYcult condition (Support eVect, F(1,20) = 29.172,
P < 0.0001) and decreased signiWcantly during MC (Task
Fig. 1 Stabilograms from a high and a low hypnotizable subject (H1 and L6 in the Table of raw data provided as Supplementary Electronic
Material). easy (stable support); diYcult (unstable support); B (basal, closed eyes condition), MC (mental computation, closed eyes condition)123
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Support £ Task interaction [F(1,20) = 8.332, P < 0.009]
revealed that, in both groups, MC induced signiWcant
changes in SD only in the diYcult condition
[F(1,20) = 14.021, P < 0.001]. Finally, (Fig. 2a), signiWcant
Task £ Group interaction [F(1,20) = 6.726, P < 0.017]
showed that the latter eVect was signiWcant only in Highs
[F(1,10) = 15.818, P < 0.003].
Entropy
In the frontal plane, SampEn (Table 1) showed quasi sig-
niWcantly higher values in the diYcult condition (Sup-
port eVect, F(1,20) = 4.188, P = 0.054). SigniWcant
Support £ Task interaction [F(1,20) = 4.507, P < 0.046]
showed that SampEn values were higher in the diYcult
than in the easy condition only during B
[F(1,20) = 3.104, P < 0.005] and that MC increased
entropy only in the easy condition [F(1,20) = 4.612,
P < 0.044). No signiWcant Group eVect and interaction
were observed, although slightly lower values were
found in Highs with respect to Lows all over the session
(Table 1). In the sagittal plane, ANOVA revealed signiW-
cant Support [F(1,20) = 8.003, P < 0.010] and Task
eVects [F(1,20) = 5.325, P < 0.032] indicating higher
SampEn values, respectively, in the diYcult condition
and during MC. No signiWcant hypnotizability-related
modulation was observed, although mean values were
apparently always lower in Highs.
Velocity
ANOVA revealed that CoP mean velocity (Table 1)
increased in the diYcult postural condition in both groups
either during B or MC [Support eVect, F(1,20) = 65.43,
P < 0.0001]. MC did not modify the CoP mean velocity.
Area
In both groups Area (Table 1) was signiWcantly larger in the
diYcult condition [Support eVect, F(1,20) = 19.205,
P < 0.0001) and signiWcantly smaller during MC (Task
eVect, F(1,20) = 8.030, P < 0.010). No signiWcant interac-
tion among Group, Support and Task was found.
LFS
A signiWcant Support eVect [F(1,20) = 9.399, P < 0.006]
as well as signiWcant Task £ Group [F(1,20) = 4.392,
P < 0.049] and Support £ Task £ Group interactions
[F(1,20) = 7.573, P < 0.012] were found. Decomposition of
the latter revealed that Highs (Fig. 2b) decreased their LFS
during MC independently of the support conditions
[F(1,10) = 5.431, P < 0.042]. Lows (Table 1) increased
LFS signiWcantly in the diYcult condition [F(1,10) = 9.837,
P < 0.011] showing MC values higher than in the easy MC
condition [t(1,10) = 3.839, P < 0.003]; in addition, in the
diYcult condition, their LFS was higher during MC than
during B [t(1,10) = 2.725, P < 0.021].
Table 1 Variability and complexity indexes, stabilometric variables (mean, SD)
For abbreviations, see text
x frontal plane, y sagittal plane
Variable Group task Highs Lows
Condition B MC B MC
Mean SD Mean SD Mean SD Mean SD
SD (X) Easy 3.60 1.20 2.98 0.73 3.09 1.05 2.64 0.79
DiYcult 7.73 2.34 7.07 3.14 7.76 3.83 6.32 3.09
SD(Y) Easy 5.92 2.75 4.33 1.56 3.58 1.56 3.89 2.26
DiYcult 11.81 5.96 9.13 5.31 8.68 4.78 7.80 4.32
SampEn(X) Easy 0.07 0.04 0.08 0.03 0.08 0.03 0.10 0.03
DiYcult 0.10 0.02 0.09 0.02 0.10 0.03 0.10 0.03
SampEn(Y) Easy 0.07 0.04 0.08 0.04 0.09 0.04 0.10 0.04
DiYcult 0.09 0.03 0.10 0.03 0.11 0.04 0.12 0.05
Velocity (mm/s) Easy 10.73 5.96 9.12 4.55 10.18 2.93 9.89 3.64
DiYcult 27.34 8.24 27.26 14.39 28.36 11.96 25.56 7.62
Area (mm2) Easy 336.73 230.43 180.82 89.66 238.73 110.42 174.36 93.911
DiYcult 1,444.55 995.64 1,192.91 1,111.81 1,239.91 1,135.94 971.18 1046
LFS (1/mm) Easy 1.02 0.51 0.96 0.34 1.17 0.29 0.98 0.31
DiYcult 1.20 0.58 1.02 0.70 1.45 0.53 1.73 0.62123
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The results showed that cognitive load did not elicit major
diVerences between Highs and Lows. Hypnotizability mod-
ulated the body sway changes induced by mental computa-
tion only in the diYcult postural condition, when standard
deviation of the CoP position decreased in Highs and LFS
increased in Lows. This indicates that attentional related
diVerences between Highs and Lows in body sway appear
only for diYcult postural tasks, although the moderate level
of eVort reported by all participants during computation
might have been responsible for the few postural diVer-
ences observed. On the other hand, the moderate cognitive
engagement accounts for the independence of the computa-
tion eVort (similar in the easy and diYcult condition in both
groups) from the diYculty of the postural task.
Due to the lack of randomization of the basal and com-
putation conditions, habituation might be responsible for
the computation-related decreases in Area observed in both
groups and indicating a similar, stiVening strategy; how-
ever, a reduced Area during cognitive load is consistent
with Wndings obtained in the general population (Fraizer
and Mitra 2008). Also, the lack of randomization does not
allow ruling out that the decrease in standard deviation
observed during computation only in Highs (diYcult condi-
tion) was due to their greater habituability/learning, as
occurs for spinal reXexes (Santarcangelo et al. 1989, 2003)
and psychogalvanic responses (see Gruzelier 2006).
Given the substantial lack of major diVerences in pos-
tural responses to cognitive load, it can be concluded that
the diVerences previously observed between Highs and
Lows during sensory alteration (Santarcangelo et al. 2008b)
were more likely due to diVerences in the central postural
control mechanisms rather than to substantial attentional
diVerences between the two groups.
In addition, the greater variability of the Highs’ CoP
observed throughout the entire session with respect to Lows
(although not signiWcantly) and also with respect to subjects
not selected according to hypnotizability (Donker et al. 2007)
is consistent with previous studies (Santarcangelo et al. 2008b)
and suggests that hypnotic susceptibility might account for a
part of the general population postural variability, as occurs for
other individual traits, i.e., anxiety (Davis et al. 2009).
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